The gene for a 30-kDa immunodominant antigen, P30, of Mycoplasma agalactiae was cloned from type strain PG2 and expressed in Escherichia coli. P30 is encoded on a monocistronic operon determined by two ؊10 boxes and a possible ؊35 region constituting the potential promoter, and a transcription termination site. The gene for the 266-amino-acid protein is preceded by a polypurine-rich region designed as the consensus sequence for a ribosome-binding site. Analysis of the amino acid sequence of P30 revealed the presence of a recognition site for a prokaryotic signal peptidase II at amino acid (aa) 24, indicating that P30 is a transmembrane protein.
escape the host's immune defense. This is presently the only known mechanism involved in pathogenicity. At present, a great deal is known about the structure and molecular mechanisms of variable surface antigens of some mycoplasmas, including M. agalactiae (28, 33, 35) . However, for diagnostic purposes, variable antigens do not permit easy serological identification of mycoplasma isolates and significantly hinder serological subtyping (29) . The finding of stable, specific, and strongly immunogenic antigens for M. agalactiae could be a good alternative for detection, identification, and subtyping of this pathogen. So far, one stable and serologically recognized major surface protein of M. agalactiae (P48) has been described as a potential tool for diagnostic studies (26, 27) . Recently, a serological grouping of M. agalactiae has been proposed (5) . It is based on a dot immunobinding assay using three monoclonal antibodies which show uniform colony immunostainings and no antigenic variability. Analysis of a large number of field isolates from various geographical regions where CA is diagnosed revealed the existence of four main serotypes and a few occasionally occurring serotypes of M. agalactiae.
The present work describes the isolation and analysis of a new immunogenic antigen, tentatively designated P30, from an expression library of the type strain PG2, and its correlation with the four major serotypes A, B, C and D of M. agalactiae.
MATERIALS AND METHODS
Strains and growth conditions. Mycoplasma strains used in this study are described in Table 1 . They were cultured in standard mycoplasma medium at 37°C until stationary growth phase (23) . Cells were harvested by centrifugation at 8,000 ϫ g for 15 min, washed with phosphate-buffered saline (PBS) buffer (140 mM NaCl, 2.7 mM KCl, 15 . All M. agalactiae strains used in this study were confirmed to belong to the species M. agalactiae using the specific uvrC-based PCR as previously described (31) .
For genetic manipulation and subcloning, the two Escherichia coli strains XL1-Blue MRFЈ and XLOLR (Stratagene, La Jolla, Calif.) were used. E. coli strains were grown in Luria-Bertani (LB) broth at 37°C. The phagemid expression vector pBK-CMV (Stratagene) was propagated in E. coli strain XLOLR. For subcloning, the vector pBluescriptII SK(Ϫ) (Stratagene) was propagated in E. coli strain XL1-Blue. The pETHIS-1 expression vector (30) was used for polyhistidine fusion at both N-terminal and C-terminal ends of cloned proteins. The E. coli strain BL21(DE3)pLysE (Novagen, Madison, Wis.) was used for expression of recombinant proteins.
DNA manipulation, construction, and screening of an expression library. Mycoplasma genomic DNA from strains listed in Table 1 was extracted by the phenol-chloroform technique or by the guanidinium thiocyanate technique (9) . DNA of the type strain PG2 was then partially digested by Sau3AI to obtain fragments ranging from 2 to 10 kb. DNA fragments were ligated with BamHIdigested Zap Express cloning vector (Stratagene) and packaged with Gigapack II packaging extract (Stratagene). The library was plated according to the manufacturer's protocol using the E. coli host strain XL1-Blue MRFЈ. Screening of the library was performed following the standard protocol with serum from a naturally infected convalescent sheep (serum PAL 97) used at a dilution of 1:600. The selected positive clones were amplified and excised in vivo into phagemids pBK-CMV using the filamentous helper phage ExAssist (Stratagene) as indicated by the manufacturer.
Nucleotide sequencing and sequence analysis. DNA sequencing was performed with a DNA Sequenator AB 310 and the Taq Dye Deoxy Terminator Cycle Sequencing Kit (Applied Biosystems, Norwalk, Conn.). In the first step, oligonucleotide primers containing the T3 and T7 promoter sequences (Table 2) flanking the cloning site of the pBK-CMV vector were used. The sequence was completed by primer walking using synthesized oligonucleotides. The DNA sequence was assembled using the program Sequencher 3.0 (GeneCodes, Ann Arbor, Mich.). The DNA and deduced amino acid sequences were analyzed with the PC/Gene program PROSITE (3) . Sequence comparisons with sequences in the GenBank and EMBL databases were made using the BLAST programs BLASTN, BLASTX, and BLASTP (1) . Alignments were done with the Wisconsin package (Genetics Computer Group, Inc., Madison, Wis.). The phylogenetic Table 2 ], and 2 min of extension at 68°C) after one step of 2 min at 94°C to ensure denaturation. A mixture of Taq and Pwo DNA polymerase (Expand Long Template PCR System kit; Roche Diagnostics) was used when PCR products were to be cloned. Digoxigenin-11-dUTP (DIG)-labeled probes were produced by PCR as described above in the presence of 50 M DIG.
Southern blot analysis. Genomic mycoplasmal DNA was digested with a mix of HindIII and Sau3AI, and fragments were separated by electrophoresis on a 1% agarose gel and then transferred onto a positively charged nylon membrane (Roche Diagnostics). The membrane was briefly rinsed with 1ϫ SSC (150 mM NaCl, 15 mM sodium citrate [pH 7.7] ), and the DNA was denatured at 80°C under vacuum for 30 min (2). The membrane was incubated in 10 ml of hybridization buffer-consisting of 5ϫ SSC, 0.02% sodium dodecyl sulfate (SDS), 0.1% N-lauroyl-sarcosine, and 1% blocking reagent (Roche Diagnostics)-at 68°C for 2 h and then incubated in 5 ml of hybridization buffer containing 5 l of DIG-labeled probe for 15 h at 68°C. It was washed twice for 5 min at room temperature with 2ϫ SSC containing 0.1% SDS and twice for 15 min at room temperature with 0.2ϫ SSC containing 0.1% SDS. The hybridized DIG-labeled probe was detected using phosphatase-labeled anti-DIG antibodies (Roche Diagnostics), as described in the manufacturer's protocol.
Production of polyhistidine-tailed fusion protein P30. With the aim of constructing a plasmid encoding a polyhistidine-tailed P30 fusion protein, we amplified the full-length p30 gene from genomic DNA of strain PG2 using the primers MagaORF1EcoRIN2 and MagaORF1NotIC ( Table 2 ). The PCR product was digested by EcoRI and NotI for cloning into pETHIS-1. The construct was analyzed by restriction enzyme digestion and partial DNA sequencing and then introduced by transformation into E. coli BL21(DE3)pLysE (Novagen) for expression of the fusion protein.
The production of this fusion protein was induced by addition of 1 mM isopropyl-␤-D-thiogalactopyranoside (IPTG) at mid-exponential phase, and incubation continued at 37°C for 3 h. The cells were sedimented by centrifugation at 3,000 ϫ g for 10 min, resuspended in 5 ml of PN buffer (50 mM NaH 2 PO 4 , pH 8; 300 mM NaCl), sonicated with a microtip for 4 min with the power output control at 7 and a duty cycle of 50% (1-s pulses) in a Branson Sonifier 250 (Branson Ultrasonics, Danbury, Conn.), and then centrifuged at 15,000 ϫ g for 20 min. The supernatant containing the cytosolic fraction was kept, and the pelleted cell debris was resuspended in 5 ml of PN buffer (insoluble fraction). Analysis of the sonicated fraction on SDS-10% acrylamide gels (16) showed that the induced protein was contained in the pellet. Guanidine hydrochloride was added to a final concentration of 6 M to the insoluble fraction, and the mixture was loaded onto a prewashed volume Ni-nitrilotriacetic acid-agarose column (bed volume, 2.5 ml; Qiagen AG, Basel, Switzerland) and washed once more with 30 ml of PNG buffer (50 mM NaH 2 PO 4 , pH 8.0; 300 mM NaCl; 6 M guanidine hydrochloride).
Step elution of the protein was performed with 10 ml of PNG buffer at pH 7.0, 6.0, 5.5, 5.0, and 4.5, and fractions of 1 ml were collected. The fractions were dialyzed against PN buffer and analyzed on SDS-10% acrylamide gels. The purified fusion protein eluted at pH 4.5 and was dialyzed overnight against PN buffer.
Experimental infections. Experimental infection with M. agalactiae strain 5725 was done with three clinically, bacteriologically, and serologically negative lactating ewes. Briefly, the ewes were inoculated by subcutaneous route with a culture (titer, 2 ϫ 10 9 CFU/ml) of the field strain 5725, isolated from a typical outbreak (mastitis, agalactia, some keratitis, and arthritis) in the Atlantic Pyrenees. Every ewe developed mastitis. Hypogalactia began at day 6, and agalactia was observed at day 10 (average data).
Experimental infection with type strain PG2 was performed with four lactating ewes (same selection criteria as above). They were infected by subcutaneous route with a culture whose titer was 1.75 ϫ 10 10 CFU/ml. All inoculated ewes developed mastitis. Hypogalactia and agalactia occurred roughly at the same time. In the two models, M. agalactiae was reisolated from affected half-udders.
Sera. Serum PAL 97 from a naturally infected ewe developing a chronic infection was used for screening the expression library and as a positive control for immunoblots. Serial serum samples were obtained from two ewes inoculated with strain 5725 and two ewes inoculated with type strain PG2, collected prior to inoculation, every two days for 14 days after inoculation, and then weekly for 4 weeks. The last sera tested were collected 2 months after inoculation. All the sera were used to study the immune response of these animals to P30.
Polyclonal monospecific serum directed against polyhistidine-tailed protein P30 was obtained by subcutaneous immunization of rabbits with 50 g of purified recombinant polyhistidine-tailed P30 protein in 100 l of PN buffer mixed with 100 l of Freund's adjuvant (Difco Laboratories, Detroit, Mich.), followed by a booster immunization with the same amount of protein in Freund's incomplete adjuvant (Difco Laboratories) 3 weeks later. The animals were bled 10 days after the booster immunization. Antisera were prepared from the blood samples and stored at Ϫ20°C.
Immunoblot analysis and enzyme-linked immunosorbent assay (ELISA). Total antigen from mycoplasmas or recombinant E. coli was mixed with equal volumes of sample buffer, boiled for 5 min, separated on 12% polyacrylamide gels, and blotted onto nitrocellulose membranes (0.2-m pore size; Bio-Rad S.A., Hercules, Calif.). The membranes were blocked with 1% milk buffer (100 mM Tris-HCl, pH 7.5; 150 mM NaCl; 0.5% Tween 20; 1% [wt/vol] skim milk powder) for 1 h at room temperature. The membranes were then incubated with either sheep serum (PAL 97) at a dilution of 1:600, sheep experimental serial sera at a dilution of 1:200, or rabbit serum at a dilution of 1:1,000 in milk buffer for 90 min at room temperature. The membranes were then washed and incubated with either monoclonal anti-goat-sheep phosphatase-labeled antibody (Sigma-Aldrich, Saint Quentin Fallavier, France) at a dilution of 1:2,000 or with goat anti-rabbit phosphatase-labeled antibody (Kirkegaard & Perry Laboratories, Gaithersburg, Md.) at a dilution of 1:2,000, respectively, for 90 min at room temperature with shaking. Color reaction was initiated by the addition of nitroblue tetrazolium and bromochloroindolyl phosphate in alkaline substrate buffer (7 mM Na 2 CO 3 ; 3 mM NaHCO 3 , pH 9.6; 1 mM MgCl 2 ).
ELISA analysis of sera from the experimentally infected sheep was performed using a commercially available kit, based on total antigen of M. agalactiae (17) .
Triton X-114 phase partitioning. M. agalactiae components were separated into hydrophobic and hydrophilic fractions by a modification of the previously described Triton X-114 partitioning method (7). A 10-ml culture of PG2 was grown until the stationary phase and harvested by centrifugation. The cells were washed three times with ice-cold PBS and resuspended in 1 ml of 0.5% Triton X-114 in PBS. They were left on ice for 1 h, with inverting of the tubes several times every 15 min. After centrifugation at maximum speed at 4°C, the supernatant was gently transferred onto 0.5 ml of sucrose cushion (20 ml of PBS, 1.2 g of sucrose, 100 l of 11.4% Triton X-114) chilled on ice. The tube was incubated at 37°C for 4 min and then centrifuged at room temperature for 3 min. The Triton X-114 pellet was resuspended in 1 ml of ice-cold PBS, incubated at 37°C for 4 min and then centrifuged at room temperature for 3 min another two times. The final volume of the Triton X-114 pellet was estimated, and 3 volumes of PBS was added. Supernatant hydrophilic phase was transferred into a new tube, and 150 l of 11.4% Triton X-114 was added. After mixing, the tube was incubated at 37°C for 4 min and then centrifuged at room temperature for 3 min. These steps were repeated twice. Samples from the detergent phase, the aqueous phase, and whole mycoplasma cells were mixed with protein sample buffer, run on SDS-12% acrylamide gels, and blotted onto nitrocellulose. The filter was subsequently used for immunoblotting with the monospecific, polyclonal antibodies directed against P30.
Nucleotide sequence accession number. The EMBL/GenBank accession number for the nucleotide sequence of the 2,434-bp fragment in plasmid pJFFBF1ϩE3 is AF327858. The sequences of the p30 genes from 15 M. agalactiae field strains are deposited in EMBL/GenBank under AF327859-73.
RESULTS
Cloning the gene for a 30-kDa antigen of M. agalactiae. The expression library of M. agalactiae type strain PG2 containing approximately 5 ϫ 10 7 recombinant phage clones was screened with serum PAL 97 from a naturally infected ewe. One predominant reactive phage plaque was selected. The DNA from this plaque was converted into phagemid by in vivo excision. The positive phagemid containing a plasmid with a 5.7-kb insert was named pJFFBF1ϩE. Using total antigen of the E. coli clone containing pJFFBF1ϩE, a protein doublet band with apparent molecular masses of 32.5 and 30 kDa, which were jointly designated P30, reacted with serum PAL 97 on immunoblots (data not shown).
In order to localize the gene expressing this protein, EcoRI fragments of pJFFBF1ϩE were subcloned into the EcoRI site of vector pBluescriptII SK(Ϫ), and transformants were analyzed by immunoblotting. The protein doublet band of 32.5 and 30 kDa reacting with the serum PAL 97 was found within the subclone containing plasmid pJFFBF1ϩE3. Analysis of this plasmid revealed that the gene encoding P30 is localized on an insert of 2.6 kb (Fig. 1) .
Analysis of the 2.6-kb insert in plasmid pJFFBF1؉E3. The cloned 2.6-kb insert was sequenced using the primer walking method. In order to verify the integrity of the insert in plasmid pJFFBF1ϩE3, we performed PCR amplifications using genomic DNA of PG2 as a control, with the oligonucleotide primers BKE3P0, BKE3P1, BKE3P2, BKE3P3, BKE3P4, and BKE3P5 (Table 1 and Fig. 1 ). No amplicon was found after amplification of genomic DNA with primer pairs BKE3P0-BKE3P1, BKE3P0-BKE3P3, or BKE3P0-BKE3P5. However, PCRs with primer pairs BKE3P2-BKE3P1 and BKE3P4-BKE3P1 amplified fragments of 2,145 and 1,735 bp, respectively. Due to the inability of primer BKE3P0 to produce amplicons from genomic DNA (but only from plasmids pJFFBF1ϩE and pJFFBF1ϩE3) we assumed that the insert of 2.6 kb was composed of two noncontiguous fragments (Fig. 1) . We therefore consider only the 2,434 bp as a contiguous fragment in this study. This fragment presented a complete open reading frame (ORF), p30, and two incomplete ORFs, ORF 2 and ORF 4.
The ORF p30, at nucleotide (nt) 147 to 947, encodes a 266-amino-acid (aa) polypeptide, the protein P30, with a predicted molecular mass of 30 kDa. It is preceded by a potential Ϫ35 region at nt 54 to 59 and two possible Ϫ10 signal boxes of prokaryotic transcription promoter (nt 75 to 80 and nt 105 to 110) and is followed by a sequence which can form a hairpin with a ⌬G of Ϫ14.8 kcal/mol, representing a potential rho- (Fig. 1) . The expected 730-bp fragment was amplified from chromosomal DNA of all M. agalactiae strains used in this study but not from other mycoplasma species tested ( Fig. 2 and Table 1) . A DIG-labeled probe p30 was used in Southern blot analysis with the genomic DNA from different mycoplasma species cut with HindIII and Sau3AI. M. agalactiae type strain PG2 and all field strains tested showed the two expected bands of 1.1 and 0.5 kb (data not shown). All other mycoplasma species tested showed no hybridization signal (Table 1) . These results indicated that the p30 gene is present as a single copy in all strains tested and that it is specific for the species M. agalactiae.
Expression of P30 in different mycoplasma species. Immunoblots with total antigen of strains of M. agalactiae and other species of mycoplasmas listed in Table 1 were probed with the monospecific rabbit anti-P30 serum directed against purified recombinant polyhistidine-tailed P30. Among the M. agalactiae strains analyzed, different profiles could be observed on immunoblots. The monospecific serum detected the expected 32-kDa protein in type strain PG2 of M. agalactiae and in strain 6833. In most M. agalactiae strains tested (n ϭ 15), a slightly larger protein of 35 kDa reacted with anti-P30. In a single strain, a doublet at 30 to 32 kDa was observed. In nine strains of M. agalactiae the serum did not detect any protein bands on immunoblots (Fig. 3) .
Colony immunoblotting performed on M. agalactiae strains on solid PPLO medium with anti-P30 serum was positive for all strains that exhibited an immunoreactive protein on immunoblots, as well as with strains 5225 and 7327, which were apparently negative for P30 on immunoblots. These last two strains seem to express only a truncated peptide of P30 (see below) which is too small to be detected on immunoblots. No sectors were observed on colonies of any M. agalactiae strains tested with rabbit anti-P30 antibodies. M. bovis and other closely related mycoplasmas did not reveal a P30 or similar protein, as analyzed with immunoblots using the anti-P30 serum.
Genetic variability of the p30 genes in M. agalactiae. The p30 genes from 15 strains of M. agalactiae (8 strains expressing full-length P30, 2 strains [5225 and 7327] expressing only part of P30, and 5 strains negative for P30 expression) were sequenced with primers MagaORF1-L, MagaORF1-L2, Maga ORF1-R, and MagaORF1-R3 (Table 2 ). Based on the DNA sequences, two distinct groups could be identified. One group (n ϭ 10) comprised of all strains that express full-length P30 (as shown on immunoblots) presented very homogeneous p30 genes. Strains 5225 and 7327, both of which express part of P30, and hence react only on colony immunoblot, also belong to this group. The second group (n ϭ 5) contained the strains that did not express P30 in any form (i.e., negative in both Western and colony immunoblots) and showed a significant polymorphism among the p30 genes (Fig. 4) . Major differences which distinguished these two groups were found in the promoter region. Most importantly, these differences included a common transition, T3C, at the end of the first putative Ϫ10 box and an A3T transition at the end of the second putative Ϫ10 box in all five strains that are fully devoid of P30 expression. These mutations in the putative promoter of P30 seem to be responsible for the lack of expression of P30 in the strains of the second group. Among the strains in the first group expressing all or part of P30, minor differences in the DNA sequences of p30 could explain the phenotypic differences as revealed on immunoblots. The two strains 5225 and 7327 revealed an additional nucleotide in a poly-G tract of the coding sequence, which creates a frameshift leading to a stop codon immediately thereafter, hence resulting in a truncated P30 with only 62 aa. This short peptide could not be detected on our immunoblots but must have reacted on the colony blot system with anti-P30 serum. Strains PG2, 7314, and 6833 showed a slightly lower apparent mass of P30 on immunoblots compared to the majority of field strains (Fig. 3) . As deduced from the DNA sequence, these strains revealed a particular difference in the primary structure of P30 approximately 100 aa from the start. In fact, in this region, the residue motif SN was found in the major group of field strains expressing the apparently larger variant of P30 (35 kDa). In contrast, the three strains PG2, 7314, and 6833, which express the smaller P30 variants, possess the residue motif FKY in this region. Furthermore, strain 7314, which showed a 30-to 32-kDa doublet band on immunoblots with anti-P30 serum (Fig. 3) , differed from all other strains which expressed P30, showing the residue motif GGNS at aa 60 instead of GET as found in all other P30-producing strains.
Interestingly, the p30 genes of the strains that did not express the P30 protein and which have mutations in the putative promoter sequences showed several differences in the silent ORF of P30. These differences are distributed more or less randomly and hence gave a very heterogeneous picture in the phylogenetic grouping seen in Fig. 4 .
Immune response of ewes infected with M. agalactiae against recombinant P30. In order to examine the immune response to the recombinant P30 of sera from experimentally infected ewes, immunoblotting was performed with serial serum samples from two ewes infected with M. agalactiae PG2 (ewes 1937 and 1689) and two ewes infected with M. agalactiae strain 5725 (ewes 5B and 10B). The results generated were compared to those of an ELISA which is routinely used for the control of sheep and goats for potential infection by M. agalactiae. The four series of sera all reacted with recombinant P30 at day 11 after inoculation. The reaction with P30 was highest at day 28 after inoculation and persistent until the end of the experiment at day 61 after infection, whereas the titers determined by ELISA had dropped significantly. Figure 5 depicts the immune response against P30 of ewe 1937 infected with strain PG2. The same results were also observed with the sera of the other three infected ewes (not shown).
Identification of P30 as membrane protein.
To study the location of P30, total antigen of M. agalactiae type strain PG2 was subjected to a Triton X-114 phase partitioning. This method results in separation of integral hydrophobic membrane proteins (which are incorporated in Triton X-114 micelles) from hydrophilic proteins (which are sequestered in the aqueous phase) (7). Polyclonal monospecific anti-recombinant P30-His serum strongly reacted with a 32-kDa protein and poorly reacted with a 60-kDa protein in both the Triton X-114 phase and total cell proteins, but not with proteins found in the aqueous phase, showing that P30 is an integral membrane protein (Fig. 6 ).
DISCUSSION
The gene for an immunodominant antigen, P30, was detected from an expression library of genomic DNA of the M. Analysis of the DNA sequence of the p30 gene showed that (i) it contains no internal in-frame TGA Trp codon and therefore could be entirely expressed in E. coli (32) , (ii) it possesses a typical promoter region as reported for most mycoplasmas (8, 25) , (iii) it ends with a potential rho-independent termination site of transcription, and (iv) it contains a polypurine-rich nucleotide sequence assigned as a putative RBS. The protein P30 has weak similarities with membrane proteins of M. bovis as found by similarity analysis with the EMBL/GenBank databases. Experiments involving the humoral response to P30 from different ewes artificially infected with PG2 or field strain 5725 indicated that P30 is highly immunogenic and induces an early antibody response which persists for at least 2 months postinfection.
We showed that the p30 gene is specific for the M. agalactiae species by both PCR and Southern blotting. However, immunoblotting performed with 27 strains of M. agalactiae revealed that the protein P30 was not expressed in some of them. In addition, the molecular mass of the protein varied slightly from one strain to another. These minor differences could be correlated to minor variations found in the gene sequences. Such variations, which translate into minor changes in the amino acid sequences of the protein, presumably affect the apparent molecular mass on SDS-polyacrylamide gel electrophoresis (PAGE). The majority of the strains revealed a P30 of approximately 35 kDa on immunoblots reacted with anti-P30. Three strains showed a P30 with an apparently lower molecular mass (32 kDa) and were found to possess a particular motif substitution in the aa sequence. Using the program NNPREDICT (14, 19) to analyze the P30 amino acid sequence of these three strains, we found that the substituted motif is within an ␣-helix structure, while in all other strains it is found in a region with no predictable structure. This conformational change may affect to some extent the posttranslational processing of the protein, hence leading to a shortened form of P30. Moreover, one of these three strains showed an additional band at approximately 30 kDa on the immunoblot reacted with anti-P30, thus forming a doublet at 30 to 32 kDa. This strain also presented a particular variation of the amino acid sequence in the N-terminal part of P30, which might further affect the conformation of the protein, thus leading to additional processing of the molecule. The appearance of the protein double band could be explained by partial processing of the 32-kDa form. In two other strains, the p30 gene had undergone a mutation leading to a truncated P30 protein of only 62 aa that was, however, still expressed and that reacted with anti-P30 antibodies on colony immunoblotting.
Protein P30 was shown to be membrane located by Triton X-114 partitioning experiments. This location had already been predicted by its amino acid sequence. P30 is not subjected to high-frequency phase variation, as we did not observe sectors when colonies were immunostained with monospecific anti-P30 antiserum. The minor variations in size of P30 de- tected for certain strains of M. agalactiae are thus not the result of specific mechanisms known for variable antigens (4) but are rather due to punctual mutation events in the coding region of the gene.
Interestingly, some M. agalactiae strains were found which were totally devoid of P30 production but which had retained the entire p30 gene as determined by PCR. Five of these strains were analyzed in detail and found to possess nucleotide substitutions in both possible Ϫ10 boxes of the potential transcription promoter of p30. Although very little is known about transcriptional promoters of mycoplasmal genes or operons, DNA sequence analyses very often reveal repeats of Ϫ10 boxes as potential promoters in these organisms (13) . We therefore interpret the substitutions in both possible Ϫ10 boxes of the p30 gene in these strains as the cause of lack of P30 expression, implying that the repeated Ϫ10 boxes found upstream of the RBS of p30 play a major role in transcription of this gene.
Comparing the coding sequences of the p30 genes of the M. agalactiae strains analyzed, we detected a significantly higher number of differences among the strains that do not express P30 than in the other strains that express it and which represent a tight cluster (Fig. 4) . The high number of mutations in the five strains analyzed which are devoid of P30 expression suggests that this gene has probably been silent for a long time. In fact, silent genes can undergo mutations more frequently than expressed genes since there is no phenotypic selective pressure on silent genes (21, 22) . It has to be noted that these five strains were isolated in geographically different regions and in different years.
Using a set of monoclonal antibodies (5), M. agalactiae was subdivided into eight different serotypes, A to H. Among them, serotypes A, B, C, and D, which all have a common epitope reacting with monoclonal antibody 1D4, belonged to the most frequently isolated serotypes of M. agalactiae. The types E, F, G, and H, which showed no reaction with monoclonal antibody 1D4, represented rarely isolated serotypes (5) . Our study has shown that all M. agalactiae strains tested which expressed the P30 surface protein belong to the frequently isolated and hence widely distributed serotypes A to D, while the strains which did not express P30 belong to the rarely observed serotypes E to H. However, our experiments indicated that the epitope recognized by the monoclonal antibody 1D4 does not react with the P30 antigen (results not shown). We assume that the rarely observed serotypes E to H might have undergone several mutations which inhibit their ability to express P30 and probably other antigens, such as the yet-unidentified antigen recognized by monoclonal antibody 1D4. These strains appear to be isolated very rarely, representing 6% of a sampling of 246 field strains collected worldwide (5), in contrast to the strains which express P30 and belong to serotypes A to D. Hence, it can be speculated that the loss of P30 expression might have led to a partial loss of the fitness of the strains to cause outbreaks. In the view of the significant antigenic variations observed in M. agalactiae (10, 12, 34) , P30 can be considered to be an interesting, stable, and highly specific antigen expressed by the major serotypes of this organism. P30 allows analysis of the serological status of sheep and goats infected by the frequently observed serotypes A to D of M. agalactiae. In summary, our data indicate that the membrane protein P30 is a stable, immunodominant antigen of M. agalactiae expressed by the main serotypes A to D and that it induces a strong early and persistent immune response in infected animals. P30 does not belong to the cluster of Vpma variable lipoproteins of M. agalactiae, and no particularly similar analogues to P30 have yet been found in related species.
